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Previously, Dr. Victor directed the Science and Technology program at the Council on Foreign Relations in New York, where he remains Adjunct Senior Fellow. He directed the Council's task force on energy co-chaired by Jim Schlesinger and John Deutch and is senior adviser to the task force on climate change chaired by governors George Pataki and Tom Vilsack. He also leads a study group that is examining ways to improve management of the nation's $50b strategic oil reserve. In the past, his research at the Council his research focused on the sources of technological innovation and the impact of innovation on economic growth. 2 But building CCS into such a formidable climate change mitigation "wedge" will require more than technological feasibility; it will also require the development of policies and business models that can enable wide adoption. Such business models, and the regulatory environments to support them, have as yet been largely undemonstrated. This, among other factors, has caused the gap between the technological potential and the actual pace of CCS development to remain large.
The purpose of the present work is to quantify actual progress in developing carbon storage projects (here defined as any projects that store carbon underground at any stage of their operation or development, for example through injection into oil fields for enhanced recovery or in saline aquifers or other geological formations). In this way, the real development ramp may be compared in scale and timing against the perceived need for and potential of the technology. Some very useful lists of carbon storage projects already exist -see, for example, the IPCC CCS database, 3 the JP Morgan CCS project list, 4 the MIT CCS database, 5 and the IEA list. 6 We seek to maintain an up-to-date database of all publicly-announced current and planned projects from which we can project a trajectory of carbon stored underground as a function of time. To do this, we estimate for each project the probability of completion as well as the potential volume of CO 2 that can be stored as of a given year.
Results and Discussion
Figure 1 displays the potential volume of carbon stored through 2025 by announced projects, with broad grouping of projects by probability they will be completed: currently operating (100% likelihood), possible (estimated 50-90% likelihood), and speculative (estimated 0-50% likelihood). The process of estimating these probabilities is explained in the Appendix. A list of all included projects with their estimated probabilities is provided separately in Table 1 . Projects listed under "Others" are included in the database for reference purposes, but have insufficient project details available to allow us to estimate probability of completion and potential volume stored and therefore were not included in the graph of Figure 1 . Figure 1 and Table 1 will both be updated regularly, with the results provided on an ongoing basis in updated versions of this paper on the PESD website (http://pesd.stanford.edu).
What is apparent from the trajectory of carbon storage volume in Figure 1 is the profound gap between estimated storage from announced projects and the far greater near-term role for CCS that is projected by technological feasibility studies like EPRI PRISM and the McKinsey Abatement Curve, even with the fairly aggressive methodology we use for quantifying potential storage volumes of announced projects (see Appendix). If one (optimistically) assumes that all "possible" and 25% of "speculative" projects are indeed realized, this will result in about 100 Mt CO 2 /yr of reductions worldwide by 2025, far short of the 350 Mt CO 2 /yr of reductions that are projected as technologically feasible by 2030 in the US alone. A wildcard that is impossible to quantify is the size of any pipeline of carbon storage projects that will be announced in future, which will certainly boost the numbers. Figure 2 shows the same projects, but coded according to the destination of the CO 2 : enhanced oil recovery (EOR), enhanced coal-bed methane (ECBM), and Natural Gas (NG) operations (Black); saline aquifers and depleted oil & gas fields (White); unknown (Gray). It is clear that most of the "operating" and "possible" projects are related to EOR, ECBM, or NG operations. This is not surprising given that as yet there is no direct economic incentive (CO 2 price, for example) for CCS operations; at present the only certain way to make CCS projects economically viable is to use the CO 2 for producing more hydrocarbons to take advantage of high oil & gas prices. In the electric power industry more CCS projects appear in the pipeline post-2015 (5 Mt CO 2 /yr in 2010; 65 Mt CO 2 /yr in 2015; and 90 Mt CO 2 /yr in 2025). But if CCS is to be a central player in efforts to slash CO 2 emissions over the next few decades, one would hope for its much wider applications to the electric power industry in the next decade or so.
Final Note
An important objective of this work is to contribute to a general understanding of the progress of the nascent carbon storage industry. As such, we welcome comments and feedback that will help us improve our database, including identification of other projects which should be included or refinements to the probabilities and storage estimates for specific projects. 
Appendix: Methodology
The project database is compiled through a careful examination of various information sources (see "Information Sources" below). Our database records the following fields, if available, for each announced carbon storage project: Given that not all projects publish all of the above information, we have made our own assumptions to estimate some of the above parameters.
1) Volume of carbon dioxide captured per year
Some projects, especially those that are currently operating, announce publicly the volume of CO 2 captured per year (in tonnes of CO 2 ). However, for projects that are more speculative, there is often no explicit information available on the volume of CO 2 captured per year. For such projects, we use assumptions for an average project to make an estimation based on the formula: 
2) Years of operation
Unless explicitly noted by the promoters of the projects, it is assumed that each project will operate from the year it begins operation until 2025.
3) Probability of completion
All the projects are categorized as follows:
• Operating: These projects have explicitly noted that they are in operation as of the date of the update of the project database.
• Possible: Information sources indicate that there is a reasonable possibility that these projects will be completed and start operating in the future. Examples of such projects can be found in the JP Morgan CCS project list -for example, projects that are considered by the International Energy Agency as "likely get underway around the world over the next decade". 7 We deem the project probability for these projects to be between 50% and 90%.
• Speculative: Information sources suggest that there is substantial uncertainty as to whether these projects will actually go forward. We consider the project probability for these projects to be between 0% and 50%.
• Other: Information sources provide very little information regarding the status and nature of these projects.
Information Sources
The information sources used to compile this database include the following: 
